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STUDIES  COMPARING  NUCLEIC  ACID  i-Su’.toOLiSrt  ADD  RESPIRATION  IN 
PROTEUS  VULGARIS,  ITS  STABLE  L-PHA5E  AND  TEE  a  KELAR  PPItf 


(Following  la  the  translation  of  *n  article  by  0*  Kandler, 
C,  Zehender  and  J.  MueHdr,  Botanic  Institute,  University 
of  Munich,  which  appeared  in  the  Gerraan  language  periodical 
Arch,  for  Microbiology,  Vol.  2U,  1956,  pages  219“£L9* 
Translation  perfonsad  by  Constance  L.  hist,) 


■Qxe  transformation  of  a  bacterial  cell  into  the  L-form  as  discovered 
by  Kleineberger  (19355  aad,  Dienes  11939,  19U9),  represents  om  c£  the 
most  basic  transformation  of  a  cell  that  we  know  today.  la  extent  it 
may  be  cor^ared  to  the  transformation  of  &  normal  tissue  cell  into  a 
tumor  cell,  however  it  offers  a  more  advantageous  experimental  approach 
in  order  to  study  details. 

Many  reports  can  be  found  about  the  morphological  changes  of  a 
bacterial  cell  in  the  L- transformation  .Dienes  and  Saleh  19hb,  Stejqpen 
and  Hutchinson  1951,  Prittwitz  and  Gaf fron  1953,  Eopken  and  Hartmann 
1955,  Qr&saat  1955)*  AH  observations  show  a  marked  spelling  up  of 
cells,  which  is  further  connected  with  an  increase  in  nuclear  material. 
(Tulasne  19U9,  SchoHesberg  1959,  Kelleaberger  and  IAebermeiater  195b  )• 

The  daughter  organisms  then  bud  out  in  all  directions  from  these  poly¬ 
nuclear  large  bodies  (Hopteen  1955).  These  cells  then  continue  to 
exhibit  a  multipolarity  in  budding  in  their  continuous  multiplication. 

The  massive  interference  in  the  cellular  mechanisms  can  of  course 
also  effect  irreversible  changes  jin  the  genetic  substance  under  certain 
conditions,  so  that  a  return  to  the  original  bacterial  form  is  no  longer 
possible  even  after  thousands  of  gone  rations  (even  if  the  effect  of  [ 
the  modifying  agent,  mostly  penicillin,  is  withdrawn)  l Kandler  and  \ 
Handler  19561.  However,  other  L-forms  retain  the  ability  to  regenerate 
into  the  classical  ba^eerial  form  after  numerous  penicillin  passages. 

In  this  report  a  stable  L-fona  was  used  exclusively,  since  it  was  con¬ 
sidered  to  be  at  the  most  coagulate  stage  of  transformation. 

Contrary  to  morphological  reports  there  is  a  paucity  of  work  on 
physiological  phenomenon  on  L-phase s,  even  though  it  is  undoubtatly  only 
knowledge  of  the  physiological  changes  in  the  cell  that  will  lead  to  a 
cause  and  effect  understanding  of  the  total  process.  In  the  respjLratlon 
study  concerning  utilisation  of  carbohydrates  and  the  presence  of  oxidases 
no  qualitative  change  was  seen  between  bacteria  and  L-form  of  P.  vulgaris 
(Handler  and  Handler  1955).  The  sensitivity  of  L-forms  to  penicillin 
and  the  loss  of  the  ability  to  liquify  gelatin  and  to  growth  on  aingde 
substrates  does  indicate  a  certain  alteration  of  metabolism.  Also 
Vandrely  and  Tulasne  (1953)  reported  that  the  lipoid  content  of  L-phase 
was  much  higher  than  in  the  bacterial  form.  These  authors  also  reported 
that  in  three-week  old  L-forms  of  P.  vulgaris  the  content  of  DKA  is 
greater  than  SNA.  This  is  contrary  to  the  conditions  of  bacteria. 
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The  isajgr  studies  in  recent  year;  on  nucleic  acids  i,NeA.)  of  bacteria 
have  a he kb  that  the  total  NA  of  the  mass  of  th«  bacteria,  as  well  as 
the  relationship  RHA /IMA  is  susceptible  to  variations  depending  on  the 
state  of  development  iMsimgreen  and  Heden  19k7  a,b,c,d,e,  Morse  and 
Garter  19k9,  Belozersky  X9k7,  Cohen  19k?,  Sherratt  1953,  Wellerscn  1958). 
Comparing  the  Hi  content  of  two  different  forms  is  only  meaningful  if 
one  also  has  the  protein  content  (+HA  content)  over  the  whole  develop¬ 
mental  cycle.  Defined  phases  are  not  sufficient. 

Often  Worms  of  bacteria  are  considered  to  be  PFLO  since  they 
art  both  similar  morphologically  and  also  aailitply  via  multipolar 
budding  ^Handler  and  Handler  195k).  Only  one  work  exists  now  on  the 
HA  content  of  PHD  *Gerbers  19555*  Be  reported  total  HA  ■  20#,  where 
half  is  HXA  or  SKA*  Tfcsse  determinations  were  only  dona  on  older 
cultures. 

' — r?  The  intent  of  this  report  is  to  lay  a  groundwork  on  physiological 
bases  for  the  L-phase  transformation  and  the  possible  relationship  be¬ 
tween  L-phase  and  PHD.  This-will  .be  done  -by- me eeusfa^  HA,  protein 
and  respiration  intensity  daring  growth  of  F.  vulg.-'U,  L-phnae^and 
e  strain  of  PHD.  .v,-  -x.  ,^r _>  •>  -z.<  • 

./  '  * 

>* 

Materials  and  Methods 

a)  Organisms:  Proteus  strain  Dianes  52  and  a  stable  Warm 
isolated  by  Seiff art  with  the  aid  of  penicillin.  The  Worm  has  been 
cultivated  for  over  l$o  passages  on  penicillin-frte  medium  without 
reverting  to  bacterial  form.  It  corresponds  to  type  A,  DLeass  U9k9) 
and  KaaQer  cad  Handler  (1956),  Strain  "Findlay"  (isolated  by  Findlay 
from  mice)  was  the  PPLO  strain  used. 

b)  Media  sad  culture  methods:  All  three  organisms  war™  grown 
m  the  aaae  medium  which  $&lffert  (personal  communication)  developed 
for  PHD;  0*7#  peptone,  0.2#  glucose,  0.5#  yeast  extract,  0.3£  salt, 

0*1*31  KgHPQtj,  IDs  horse  scram,  pH  7*8.  For  PPLO  and  L-phase  12  agar 
was  added,  for  Proteus  1*5#.  Incubation  was  at  37?  0,  shaking  cul¬ 
tures  27 ?D.  It  was  better  to  add  0.8#  phosphate  salt  for  liquid 
cultures.  In  this  solution  th»  Uwb  also  grew  well.  Originally 
it  did  not  grow  in  liquid  culture.  Standard  500  ml  bottles  were 
need,  for  shaking  culture*  Ibrabaoh  flasks  with  1.5  liters  medium, 
were  used,  these  flasks  worked  especially  well. 

the  stock  cultures  were  transferred  from  plate  to  plate  every 
3-h  days,  transfer  of  PPLO  and  L-phase  were  always  tested  by  streaking 
agar*  the  material  for  experiments  was  always  grown  in  liquid  media*, 
fhooulatfoa  was  eecoapliahed  either  with  agar  pieces  or  with  the  steril 
organisms  tint  ware  spun  down  from  the  300  ml  culture  flask.  Tbs 
liquid  madia  became  cloudy  with  hol^  sterilisation,  so  to  avoid  this  they 
were  all  Saits  filtered  trade?  pressure. 
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c)  Fractionation;  Organisms  wore  harvested  in  a  high-speed 
centrifuge,  10  minutes  at  12,000  x  g;  washed  2x  with  distilled  water* 

P.  vulgaris  may  be  washed  without  losing  cells,  but  L-pha.se s  and  PPLO 
are  more  fragile  and  care  must  be  exercized  (Gerber  1 955)*  As  seen 
in  table  1  no  HA  is  lost  with  young  i’PLOj  in  older  cultures  up  to 

15>  is  lost.  The  SNA/ENA  remains  constant  despite  the  losses.  L-foras 
are  already  sensitive  when  they  are  yemg  as  is  seen  in  the  loss  of 
NA  (table  1).  Because  of  this  L-forms  ^re  usually  not  washed,  but 
were  used  to  fractionate  right  after  centi'^ivn+ion.  In  this  way  no 
total  N  was  determined,  since  medium  was  still  th^re.  Also  the  first 
fraction  for  soluble  N  and  P  compounds  was  unsuitable* 

NA  were  extracted  as  outlined  by  Heilinger  (195U)«  A  water 
soluble  fraction  is  separated  and  protein  precipitated  with  TCa» 

After  lipids  are  extracted  NA  are  split  with  hot  TCA  or  Perchloric 
acid,  so  that  the  smaller  pieces  are  likewise  soluble.  The  following 
general  procedure  was  used. 

Organisms  ware  suspended  in  10  ml  water;  1  ml  each  for  respiration, 
N,  PG^  (latter  two  in  duplicate),  other  5  ml  and  0*5  ml  60A  TCA^  cooled 
and  extracted  10  minutes,  centrifuged,  washed  2x  with  6%  TCA*  Combined 
TCA  extract  one  half  each  for  PO^  and  N  test  precipitate  was  washed  at 
50°C  with  alcohol-ether  to  remove  lipids.  Riboso,  deoxyrlbose  and 
PO^  and  protein  determinations  were  done,  (see  scheme  outlined  in 
figure  l). 

d)  Analytical  procedures:  1)  N-ndcro  Kjaldahl  (Klein  1932), 

2)  phosphate  -  Martland  and  Robinson  (1928),  3)  SNA  -  Hahn  and  Euler 
(19u6),  U)  ENA  -  According  to  ELsche,  5)  respiration  -  Warburg's 
maaometrie  method  was  used,  6)  suspension  density  •  turbidity  at 
587  mu  in  1  an  path. 

7)  Range  of  errors  in  measurements:  The  range  of  errors  was 
estimated  and  calculated  accreding  to  the  usual  statistics.  The  error 
spread  is  presented  in  table  3.  Most  errors  were  within  a  range  of 
3Aj  for  the  small  TCA  extracts  and  for  lipids  15^  ENA  determination 
6.8/*  range.  The  important  ratio  of  HNA/ENA  was  in  the  very  good  range 
of  2.8a.  These  errors  represent  only  errors  in  the  methodology  and 
not  variations  in  the  test  materials*  The  ranges  may  be  rather  wide 
at  times  because  of  additional  biological  fluctuations,  in  the  re¬ 
sults  to  follow  only  typical  data  from  a  single  experiment  are  used. 

An  average  value  for  separate  viruses  is  senseless  since  they  are  not 
a  true  collective  in  the  statistical  sense.  For  our  results  the  curves 
are  true  and  exact  and  meaningful  (eg.  HNA/ENA).  An  average  value  is 
presented  (with  range)  in  an  accompanying  table. 

Results 

1)  Trials  with  normal  forms  of  P.  vulgaris 

P.  vulgaris  was  inoculated  into  cultures  and  incubated  at  2?°C 
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with  shaking.  After  good  tvu  Uidity  appeared  100  ml  was  harvested. 

The  values  for  the  HA  content  and  RNA/DNA  ratios  were  the  sa*ne  ia  all 
controls.  Fro &  day  2  they  again  remained  constant.  In  order  to  detect 
the  transition  from  stationary  to  log  phase  these  cultures  were  not 
suited,  and  a  heavier  inoculum  was  made  into  a  1  liter  culture.  In 
a  parallel  sat  from  the  original  culture  NA  and  protein  was  measured. 

In  the  large  inoculum  cultures  log  phase  is  very  short.  Perhaps  a 
part  of  the  inoculated  bacteria  do  not  grow  and  provide  some  error  here 
in  the  log  phase.  To  circumvent  this  other  flasks  were  inoculated  with 
large  transfers  of  lrg  phase  cultures.  When  stationary  phase  was 
reached  a  transfer  was  always  done*  la  this  way  log  phase  was  prolonged 
and  HA.  maxima  could  be  determined  more  accurately. 

In  table  U  the  analytical  results  from  a  typical  experiment  are 
summarized.  Ho  significant  cell  mulitplication  has  occurred  as  the 
low  increase  in  extinction  points  out.  What  was  seen  may  be  due  to 
the  growing  (enlarging)  of  the  cells  already  present.  In  this  phase 
a  marked  NA  increase  occurrs,  especially  SNA,  so  that  BKA/IMA  reaches 
almost  the  maximal,  value.  Tripling  ENA  content  without  the  corresponding 
rise  la  cell  number  is  in  agreement  with  the  concept  that  bacteria 
possess  several  nucleoids s  during  this  mnlU  plication  phase.  Upon 
reaching  stationary  phase  Urth  hour)  RNA  content  decreases  in  respect 
to  m  and  protein. 

Ho  characteristic  changes  appear  In  these  few  fractions.  lipid- 
phosphate  with  respect  to  protein  remains  constant;  -TCA-*  soluble  P 
a  slow  decrease  in  log  phase;  TCA  -  soluble  H,  however  increases* 

This  effect  is  not  statistically  of  value  because  of  a  wide  range* 

These  fractions  are  not  of  importance  in  our  later  discussions.  They 
were  presented  only  to  have  a  ©eaplete  overview  about  the  constituent* 
of  the  fr?*+i.na. 

In  numerous  repetitions  the  maximal  HA  values  deviated  because  of 
error  in  — ny-Hwg  time.  The  difference  between  log  and  stationary 
phase  la  undkmbtatlv  real  as  oan  be  seen  in  the  average  value  (with 
eapertaontal  ranges)  of  table  j. 

A  ooaplete  picture  of  changes  in  NA  and  protein  and  respiration 
daring  development  is  summarized  in  the  results  of  figures  2-j.  The 
first  transfer  cam*  from  a  $6  a 1,  US-hour  old,  retting  culture.  Three 
a 1  was  taken  out  in  a  Warburg  flask.  Proa  larger  flasks  200  ml  (later 
jO  al)  was  removed  every  jO  minutes  to  measure  Oo  uptake*  Development 
was  synchronous  in  the  large  and  small  flacks,  extinction  and  protein 
was  measured*  A 31  growth  curve*  ware  identical.  Therefore,  the  02 
utilisation  oould  be  need  with  reapect  to  H  and  HA  growth  values. 

Qrowth  curves  ere  presented  in  figure*  2  and  3.  '£*  decrease 
of  total  growth  in  32  and  III  la  unexplained  as  yet.  The  effect  was 
present  in  all  parallel  trials  run. 

Of  particular  interest  art  the  quotients  presented  in  figures 
U  a-o*  W  1  end  HI  ted  similar  relationships  of  3KA/X  as  before. 
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whereas  II  increased  even  more.  This  itwxinuia  should  characterize  the 
particular  state  of  P*  vulgaris  cells  very  well,  DMA.  content  also 
rises  in  II  and  reaches  the  same  maximum  in  III.  The  rise  in  Q  of 
IMA/  protein  nitrogen  is  partly  dependent  on  the  size  of  the  cell  which 
decreases  in  long  term  studies.  We  repeatedly  observed  that  in  resting 
cultures  (2li  hours  old)  the  size  of  the  cell  increased  dramatically, 
whereas  from  transfers  from  stationary  phase  produced  markedly  smaller 
bacteria.  Since  the  change  in  size  affects  the  cytoplasm  primarily 
BNA  and  protein  and  not  nuclei, DNA  the  ^  of  DNA/protein  increases  and 
hNA/DNA  decreases*.  This  is  well  illustrated  in  figure  he  for  trial  III. 
Maximal  values  for  HNA/DllA  wore  seen  in  II.  They  are  in  the  lag-early 
log  phase  where  bacteria  show  the  largest  cells. 

Absolute  C>2  use  of  10  ml  suspension  is  shown  in  figure  5>a.  After 
a  sharp  rise  with  increasing  cell  multiplication,  it  remains  constant 
briefly,  and  then  decreases  after  log  phase  stops.  O2  use  with  respect 
to  N  moves  the  maximum  to  early  log  phase.  The  curves  show  a  parallel 
to  the  HNA/N  and  decrease  at  the  same  time.  The  close  dependence  of 
HNA  content  and  respiration-acitivity  is  again  evident. 

However,  the  respiration  quotient  does  not  increase  in  the  same 
sense  as  xtHA  content.  The  Q  Og  use  /dHA  should  remain  relatively 
constant.  As  is  shown  in  figure  5b  this  is  not  nearly  the  case.  This 
curve  also  shows  O2  use  per  mg.  DMA.  They  agree  well  with  those  curves 
that  relate  O2  use  and  cell  number  (cell  #  from  standard  curve  of 
extinction  and  growth).  This  is  as  expected,  since  nuclear  mass  can 
only  deviate  by  a  factor  of  2  from  the  maximum  and  must  remain  constant 
(parallel)  to  the  number  cf  reproductive  entities.  Since  in  the  organ¬ 
isms  to  be  discussed  later  no  counting  of  cells  was  possible  we  always 
used  DMA  content  as  a  reference  for  size.  The  corresponding  curves  in 
Figure  5b  show  that  the  0?  use  of  a  bacteria  reaches  its  maximum  at 
the  end  of  the  lag  phase  at  the  transition  to  log  phase.  During  rapid 
multiplication  it  decreases  noticably.  This  Is  because  substrates  are 
exhausted,  not  due  to  degradation  of  enzyme  systems. 

2)  Experiments  with  L-form  of  F.  vulgaris 

In  the  first  experiments  10  boo tier  of  300  ml  nedium  were  inoculated 
with  a  grovn-over  piece  of  agar  and  incubated  without  shaking  at  37°C. 
After  good  turbidity  (2l*  hours)  two  bottles  were  centrifuged  and  the 
cells  workad-up  like  P.  vulgaris;  no  HjjO  washing,  medium  was  extracted 
in  TGA  wash.  The  other  flasks  with  heavy  growth  were  then  used  in  one 
to  several  days. 

After  centrifuging  1  ml  of  10  was  need  for  oxygon  intake  in  a 
flask  and  after  several  minutes  medium  was  added  via  the  side  arm. 
Respiration  was  constant  after  1  hour  and  was  used  in  the  following 

series. 

Before  centrifuging  the  suspensions  were  studied  to  be  sure  they 
were  bacteria  free.  The  organisms  are  easily  recognizable  under  phase 
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contrast.  V/ith  young  cultures  many  blisters  appear  which  are  clumped. 

A  part  appears  strongly  vacuolated  and  mostly  empty  -  only  on  the  virus 
do  particles  appear.  No  homogeneous  distribution  was  achieved,  but 
wiUh  mechanical,  shaking  the  floculates  do  separate  into  single  organisms* 
Cell  counts  based  on  the  usual  dilution  method  are  problematical.  As 
their  ago  grows  the  blisters  become  more  highly  vacuolated,  the  particles 
become  smaller  and  hardly  dlscemable.  Upon  streaking  an  agar  many 
colonies  were  still  formed.  In  figure  6a  and  b  typical  floculss  are 
presented  from  young,  still  growing  cultures,  figure  7  shows  an  older 
stationary  culture.  In  still  older  cultures  the  microscopic  picture 
is  not  changed  appreciably. 

In  table  6  data  on  alterations  in  the  cultures  is  presented. 

After  3  days  the  main  growth  of  ENA  and  protein  stops.  In  the  period 
of  the  next  week  they  only  increase  by  two-fold.  HNA  decreases  from 
the  first  test  {2k  hours).  SNA  seems  to  be  degraded  and  used  again 
In  further  growth.  WA  and  protein  can  however  still  be  measured  in 
the  centrifugate. 

The  Q  values  also  show  a  typical  pattern  corresponding  to  the 
absolute  patterns.  HNA/DSKA  and  HNI/protein  N  decrease  rapidly  and  reach 
very  low  levels}  lower  than  in  even  very  old  bacterial  cultures,  The 
SNA  £NA  relationship  Is  even  the  reverse  in  the  old  suspensions.  & 
all  samples  tested  values  under  1  were  observed.  This  agrees  with  the 
findings  of  Vsndrsly  and  Tulaaae  (1953)  who  also  used  old  cultures. 

Our  studies  showed  that  this  is  not  a  typical  property  of  L-forma,  be¬ 
cause  in  the  vegetative  state  the  value  is  near  5}  in  the  range  of 
bacteria  even  though  in  P.  vulgaris  values  axe  2  tiros  that.  It  la 
questionable  that  the  values  for  BNA/protein  and  BKA/£ttA  of  old  cultures 
-axe  representative  for  the  resting  forma  of  Worms.  Cell  counts 
showed  that  the  numbers  of  colony  forming  elements  decreased  by  a 
factor  of  ten.  The  single  organisms  generally  are  clustered  in  groups 
so  that  each  colony  perhaps  represents  many  entities.  If  a  number  of 
oells  die  in  these  groups  the  rest  still  form  a  colony  and  mark  the 
regression  of  cell  number.  It  Is  possible  that  in  cultures  with  a 
decreased  cell  count  only  a  few  are  viable  and  in  analysing  the  tissue 
constituent,  only  the  part  that  did  not  become  soluble  (from  dead  cells) 
was  measured. 

To  answer  this  aspect  measurement  of  intensity  of  respiration  is 
desirable.  If  one  gives  new  substrates  to  the  resting  organisms  the 
Og  use  will  show  how  active  the  ensyme  systems  are  in  the  cell.  A* 
table  6  shows  the  intensity  of  respiration  with  re  ape ot  to  protein 
remains  constant  over  lhd.  This  also  holds  for  03  uee/14A  which  may 
be  thought  of  aa  02/cell.  An  increase  of  20^  in  the  first  8  d  la 
apparent.  This  means  that  the  marked  decrease  of  HHA  is  no  indication 
of  the  destruction  of  the  cell,  beoause  the  main  decrease  appears  in 
the  first  114  during  which  respiration  is  still  increasing.  Accordingly 
the  Oj  use/KXA  increase  la  this  time  SNA  degradation  and  lowering  of 
dXA/o&A  toward  one  represents  a  normal  pxooeaa  in  L-foms  and  ia  net 
indicative  of  inaotivation. 
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Vihether  the  further  decrease  of  l'TA  content  is  normal  remains 
questionable,  since  respiration  is  much  reduced  in  these  old  cultures* 
This  may  not  be  evidence  for  cell  death,  because  it  could  be  that  the 
resting  L-forms  degrade  their  enzymes  and  then  regenerate  in  a  long 
lag  phase,  so  that  observation  time  only  idLnute  respiration  may  be 
seen*  In  longer  observation  periods  the  respiration  goes  up,  but  it 
is  difficult  to  say  whether  all  cells  increase  or  if  ozuy  sons  duplicate 
and  this  is  then  measured.  The  HA  content  question  is  resting  L-foms 
remains  unanswered  for  now.  It  can  only  bo  stated  that  old  suspensions: 
have  a  vary  low  Q  for  RMA/protein  and  llNA/DifA. 

It  appeared  of  importance  to  understand  the  transition  from 
resting  cultures  co  the  growth  and  reproduce  ve  phase*  Large  iaoeula 
were  used  so  that  measurable  growth  and  contents  appeared  in  short 
tine.  The  results  of  such  an  experiment  appear  in  table  ?.  RNA  is 
degraded  right  after  atop  of  log  phase,  whereas  protein  increases 
more  and  DNA  remains  constant. 

The  way  in  which  the  values  for  JftlA/protein  run  points  clearly 
to  the  fact  that  PHA  synthesis  preceeds  protein  synthesis.  The  values 
for  DNA/protein  increase  and  reach  a  max  in  the  middle  of  log  phase. 
HMA/DNA  is  maximal  In  lag  phase  or  early  log  phase.  Table  li  contains 
data  on  NA/protein  for  log  and  early  stationary  phase  for  8  samples* 

As  with  P.  vulgaris,  L-forms  in  two  runs  were  given  new  medium 
in  early  log  phase}  and  once  after  stationary  phase,  figure  8  a-g 
contain  the  results*  The  exact  curve  allows  a  detailed  discussion. 

The  same  characteristic  changes  as  seen  earlier  were  present,  liven 
when  log  phase  was  prolonged  no  increase  in  Q  NA/protein  or  RNA/BHA 
was  seen*  It  should  be  noted  that  the  pH  changes  may  be  important. 

This  vas  also  seen  before*  The  glucose  containing  substrate  first 
gets  acidic  as  in  P.  vulgaris  cultures,  but  after  multiplication  It 
turns  alkaline.  The  latter  was  not  seen  previously, 

Otxyg.n  consumption  was  Measured  here  the  same  way  as  in  the  case 
for  the  ?.  vulgaris  experiments.  Figure  8f  shows  the  absolute  02 
visa  per  3  mi  suspension  per  hour.  It  reached  a  max  toward  the  end 
of  log  phase.  02/protein  reaches  a  max  earlier.  The  stop  of  rospiratory 
intensity  is  due  to  lack  of  substrate.  These  curves  should  not  be 
compared  to  the  curves  in  table  6,  since  the  new  substrate  was  added 
and  respiration  was  measured  over  2  hours*  Die  H  content  of  the  sus¬ 
pension  was  about  lGx  highor  there.  Undor  these  conditions  practically 
no  growth  occurra  evidently  because  of  inhibition  due  to  end  products 
and  lower  pH*  Respiration  intensity  is  markedly  loss  here  than  in 
growing  cultures.  This  was  also  true  for  bacteria. 

Respiration  with  respect  to  RNA  shows  a  different  picture  for 
L-forms  than  for  Proteus  ^ figure  8g).  The  horizontal  pattern  of  the 
curves  shows  that  proportionality  is  present  for  a  long  period, 

O2/BNA  also  show  a  different  pattern  than  in  Froteus.  The  change 
of  respiration  per  viable  cell  apparently  runs  smoother  and  slower. 
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Max  is  in  the  early  log  phase.  Respiration  velocities  foi.  vfonns  are 
lower  than  those  of  Proteus.  This  corresponds  to  the  slower  development. 
Materials  are  used  slowly  in  tho  stationary  phase.  In  this  period 
oxy dative  metabolism  reaches  a  maximum. 

3)  Experiments  with  PPLO 

Similar  to  Informs  a  turbidity  appears  about  2k  horn's  after  in¬ 
oculation  with  a  piece  of  agar  in  liquid  cultures  of  PPLO.  Microscopic 
studies  in  phase  contrast  showed  large  flocular  forms  which  may  re¬ 
present  small  colonies.  On  their  edge  small  coccal  entities  are 
recognisable  ^figure  9a).  After  2k  hours  aora,  with  shaking,  these 
forms  dissolve  again  into  smaller  groups,  ^figure  9b).  it  is  dif¬ 
ficult  to  show  this  photographically  because  they  axihit  Brownian 
motion.  Comparing  the  two  figures  one  readily  sees  the  differences. 

Similar  phenomenon  appear  in  cultures  that  are  shaken.  Ever,  here 
homogeneous  cultures  do  not  appear  as  in  bacteria.  Turbid  forms 
appear  ficn  which  the  individual  seam  to  be  formed*  are  evolved  from 
the  membranes. 

It  is  just  as  difficult  to  determine  cell  counts  with  the  dilution 
technique  with  PPLO  as  with  L-forms.  The  count  creeps  higher  with  time 
and  age  and  mechanical  tgtset  because  of  release  of  more  single  entities. 

We  found  that  the  counts  varied  greatly  in  growing  cultures.  Generally 
we  found  a  oontinoua  rise  based  on  extinction  and  absolute  increases 
in  protein  end  HA. 

In  several  experiments  we  also  used  electron  micro soopio  studies 
parallel  to  Hi  determinations.  The  preparations  were  dried  from  a 
washed  suspension  and  placed  on  carrier  grids.  The  objects  were  placed 
in  ToO«  vapors.  The  same  pictures  cams  out  as  previously  ^Kandler 
«t  al  I?5L).  The  m>ajmreasnts  are  presented  in  table  9.  With  age 
and  decreasing  H8A  the  di  ameter  of  the  particles  decreased. 

In  table  ID  results  are  presented  about  eultxr  is  that  were  inoculated 
with  low  inocttXa.  As  in  L-foras  HHA  decreases  at  a  time  whan  protein 
still  increases.  ®A  content  remains  constant  over  a  long  period.  HHA/ 

DBA  is  between  3  and  3.8  for  young  cultures,  and  1*5  -  2*0  in  older 
ones.  Been  in  very  old  cultures  it  doesn't  sink  below  1.0  \*a  in  L-phases). 

The  values  for  respiration  Intensity  decrease  more  rapidly  than 
was  the  ease  for  L-foras.  Respiration  per  DHA  remains  oonstaat  for 
$  days.  During  this  time  HHA  contest  decreases  sharply.  It  may  be 
concluded  then  that  degradation  of  HHA  (ae  in  L-forms)  is  a  normal 
prooesa  and  not  &  sign  of  the  lagundlng  death  of  the  organism. 

It  cannot  be  differentiated  whether  the  analytical  data  of  older 
suspensions  are  representative  of  resting,  but  living  cells,  or  if  it 
represents  only  those  of  dead  organisms,  tkadoubtatly  a  part  of  the 
cells  of  liquid  cultures  is  viable  for  long  periods  of  tins.  Seiffert 
^personnel  commotA cation)  o©uld  inoculate  PfLO  strain  successfully 
which  had  beta  stored  in  sealed  eajmlea  for  ID  years. 


The  transition  of  stationary  -to  log-phase  was  again  studied  in 
II.  sets  with  large  inocula  of  various  ages  (1-liid).  fable  11  contains 
absolute  values  of  quotients.  Development  occurrs  in  2d  hours.  During 
lag  phase,  -when  extinction  increases  mirnuaaliy,  dill  reaches  a  max  and 
begins  to  decrease  soon  thereafter.  Contrary  to  L-forrs  DIIA/protein 
remains  high  and  decreases  only  in,  later  stationary  phase.  Average 
values  for  dHA/DSA  and  NA/protein  for  all  experiments  are  summarised 
in  table  12. 

The  relationship  between  NA  content'  and  max  oxydative  metabolism 
duriug  multiplication  of  PPLO  was  studied  with  repeated  inoculations. 

At  first  a  do  hour  liquid  culture  was  used.  The  results  are  shewn  in 
figure  lOa-c. 

At  the  end  of  an  8  hour  lag  phase  dKA/protein  and  dliA/DNA  reach 
maxima.  During  log  phase  both  values  are  lower.  In  HI,  which  was 
inoculated  from  stationary  phase  an  increase  appeared  later.  The 
transition  from  resting  form  to  the  viable  vegetative  state  appears 
to  be  associated  with  a  marked  elevation  of  BKA.  During  rapi^ 
multiplication  the  HHA  content  decreases,  eg,  low  values  of  dllA/ 
protein  and  3NA/DHA  in  II.  This  is  contrary  to  Proteus  and  its  In¬ 
form,  where  in  a  prolonged  log  phase  the  marina  remained  up  for 
longer  times.  The  O2  use  also  deviates  from  the  conditions  for  the 
other  organisms.  Maxima  for  02  use  are  in  the  early  log  phase,  and 
yet  respiration  decreases  at  this  time.  All  curves,  therefore,  show 
a  decreased  slope  in  the  period  of  main  reproduction.  The  max  of 
oxydative  metabolism  corresponds  to  that  of  HNA  increase.  The  velocity 
with  which  Oj  5.s  used  in  PPLO  is  decidedly  less  than  for  Proteus. 

Discussion  of  desuits 

Pram  the  foregoing  data  one  can  cospare  the  metabolic  changes 
during  development  of  three  different  organimas^-foras.  For  this 
purpose  all  curves  of  NA  metabolism  are  combined  from  the  three  orgaa- 
isiaa.  The  time  axis  was  altered  so  that  the  points  of  a  curve  for 
the  sane  development  stage  were  superimposed.  Presented  is  always  a 
typical  curve  from  a  large  inoculum  from  early  stationary  phase.  In 
figure  11c  the  extinction  curve  is  also  presented,  in  order  to  have  a 
frame  of  reference,  desuits  of  older  cultures  are  not  include  a,  since 
there  is  doubt  about  whether  these  are  viable  cells  or  dead  colls. 

In  figure  11a  the  Q  of  CHA/protein  is  shown.  It  shows  that  L-forms 
in  all  developmental  stages  is  about  2$m  richer  in  UHA  than  the  bacteria. 
The  slope  of  the  curve  is  practically  equal*  PPLO  contains  the  same 
UiA  content  as  L-foras,  but  the  curves  are  different.  The  decrease 
slows  after  growth  ceases. 

Greater  differences  between  the  three  organisms^  .exist  for  iiiiA 
content  (figure  lib).  L-forms  contain  about  SCU  lass  than  bacteria. 

The  curves  appear  similar  HHA  in  transition  from  stationary  to  log 
phase  is  about  300*.  PPLO,  however  only  has  and  is  $0*  less 
than  L-forsu  the  greatest  alterations  appear  in  &WDNA  (figure  He). 
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L-fora  and  bacteria  are  different.  The  PPLO  curve  is  very  much  flatter 
and  max  is  at  the  end  of  log  phase.  The  disappearance  of  even 
during  multiplication  appears  to  be  a  very  characteristic  marking  of 
PPLO,  Up  to  now  limited  data  were  available  in  P^A/IMk  for  bacteria 
and  particularly  so  expressed  in  terms  of  alterations  during  growth. 
Nevertheless  it  may  be  assumed  that  such  a  narked  reduction  of  HNA 
does  not  occur  in  bacteria  also  see  Bipoel  and  Burch  1951, 

Another  difference  appears  in  comparing  lipid-phosphate,  In 
table  13  results  are  seen  of  phopphete/protein,  L-phase  contains 
2x  the  phosphate  as  bacteria,  while  PPLO  have  the  lowest  amount, 

Vendreley  and  Tulaase  {1953}  also  reported  a  vary  high  lipid  content 
in  It-forras. 

Wien  RNA  diminishes  respiration  behaves  is  a  paraHed  fashion. 
Comparing  Og  per  protein  or  Mi  during  development  (table  k)  shows 
that  Proteus  decreases  to  2/3  in  PPLO,  This  does  not  mean  that  osydative 
metabolism  for  synthesis  also  decreases.  This  may  be  seen  If  one  cal¬ 
culates  how  much  O2  is  used  when  1  mg  N  is  assimilated  from  the  asedium. 
This  calculation  can  be  easily  done,  in  those  experiments  where  Og  use 
and  synthetic  increase  were  both  measured,  Table  15  contains  correspond¬ 
ing  data,  They  are  calculated  for  two  &ets$  lag  phase  -  log  phase  and 
total  growth  from  beginning  to  end  of  log  phase  (no  stationary), 

First  it  may  be  seen,  surprisingly,  that  Proteus  and  PPLO  use  the 
same  0?  in  the  synthesis  of  equivalent  quantities  of  cell  materials. 

In  both  it  is  greater  early  than  in  total  growth.  L-farsn  also  has  an 
elevated  0 j-naad,  early,  but  not  so  great  as  bacteria  during  multipli¬ 
cation,  as  nay  be  seen  in  tae  table, 

Scxarisis^  the  rvrsL—  of  uasse  szz^Zes  ans  can.  say: 

1;  Irassf  erratics  cf  r„  vulrarls  inuc  the  stalls  Inform  is  as¬ 
sociated  with  a  strong  quanta  tative  change  of  HA  metabolism.  MJk/ 

Wsl  decreases  by  $0%  but  shows  the  sans  principle  variations  during 
development  as  in  the  bacteria*  Dili  content  is  elevated  and  the  de¬ 
crease  of  total  HA  is  due  to  the  decrease  of  SNA. 

2)  L-foraa  utilize  O2  30£  slower,  but  the  percentage  of  (by dative 
metabolism  needed  for  syntheses  is  sot  noticeably  different  because 
growth  velocity  is  correspondly  slowed. 

3)  PPLO  exhibit  elevated  HiA  &s  do  the  L-phases,  RNA  is  decreased 
less  and  Q  H HA/.TMk  has  less  variations  during  development,  Xn  this 

way  they  differ  significantly  frop  bacteria  and  L-phases,  tfafortunstely 
there  is  a  lack  of  data  on  NA  constitution  of  pathological  animal 
viruses,  which  contain  mainly  BHA  but  should  also  have  BHA  (Sohraan 
l?5ii).  It  may  be  that  PPLO  are  intermediate  in  HA  content  between 
bacteria  and  the  large  viruses  (Ruaha  and  Poppe  19U7,  Edward  19SU) 

The  marked  quantitative  changes  in  KA  metabolism  may  signify  that 
the  transformation  into  L-phase  also  has  acoompaz$dLng  qualitative  changes 
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in  KA.  A  study  of  this  aspect  would  undoubtedly  «dd  significant  infar- 
aation  to  these  still  puzsling  pheneweoa. 


Suasary 

Proteus  vulgaris,  its  stable  L-fora  and  a  strain  of  P?LG  during 
devalcpiwmt  were  studied  as  to  the  content  of  ±&A,  and  protein* 
Simultaneously  o3&$m  ooasusistioa  was  measured* 

for  F.  vulgaris  the  mas  for  HA.  content  and  Q  SKb/lMk  fall  in  the 
early  leg  phase;  Q  IHV?rotein  aax  is  between.  log  -+  stationary  phase* 
These  values  differ  by  only  50:1-300 >*  Maxiassa  Og  use  is  early  log 
phase  is  5000  ass^  per  mg  protoin-H  per  hour.  J&  order  to  sustain 
1  mg  H  of  bacterial  mas  3200  aaP  (>2  are  used  daring  the  growth  period* 

L-phas©  as  a  25>  increased  U ik  content,  whereas  BHA  is  50*  less 
than  in  bacteria*  3HA/L&A  shows  the  asm  trend  during  growth  as  for 
bacteria  bat  is  $0%  lower  than  in  F.  vulgaris*  Hasiaun  respiration 
is  1800  aar/ag  protein  per  hour.  During  the  assimilation  of  1  ag 
total  N  51(00  b®3  O2  are  utilised, 

PFLO  are  different  f  roa  the  other  two  forms  in  having  markedly 
less  SNA  which  varies  only  30£  during  djrralopmsnt.  EKA  content  is 
the  a*se  as  for  Worms*  Respiration  intensity  is  600  per  mg  N 
per  hour  (very  low),  but  the  Q^-use  daring  assimilation  of  1  mg 
total  I  (or  USA)  is  (as  in  P.  vulgaris)  45^0-8000  no3*  Under  aerobic 
conditions  cacydativ©  metabolism  is  Just  as  important  for  synthesis  as 
for  P.  vulgaris. 

legend  for  words  in  tables  and  figures 

DKS  ■  DHAj  KHS  **  RNA;  siweiss  *  protein;  aiming  *  respiration; 
lipoid  *  lipid;  ges  »  total;  TSI  »  SGA;  SS  «  nucleic  acid  s,NA); 
war to  “  values;  salt  *  time 

Table  1 

Nucleic  acid  (NA)  content  of  2-lUd  old  FPLO  after  repeated  washing 
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Overview  of  alterations  of  metabolic  make-up  of  P.  vulgaris  during 
growth 
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Average  values  for  HA  content  of.  P.  vulgaris  dusdng  log-stationary 
phase  n  ■  12 
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Overview  on  the  changes  in  HA  content  and  respiration  intensity 
of  L-phascs  in  a  large  culture 
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Table  ? 

Summary  of  changes  of  HA  during  growth  in  a  large  inoculum 
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Tablo  5 


Average  values  of  Q's  in  order  to  characterize  HA  of  P»  vulgaris 
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Table*  9 

Average  value  of  diameters  of  particles  of  PPLO  cultures 
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Table  10 


Summary  on  HA  and  respiration  of  PPLQ  in 


various  cultures 
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Table  11 


HA  content  of  FP  ID  in  dopondonco  of  growth  on  a  large  inoculum 
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Table  12 


Average  values  of  HA  of  PPLO  at  start  of  log  and  stationaxy  phase 
n  »  11 
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Table  I4 

Comparison  of  maximal  respiration  in  3  organisiras  per  1  mg  N  or 
1  ing  DNA. 
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Table  1$ 


Oxygen  consumption  during  synthesis  of  1  mg  TWA  and/or  protein  from. 
1  mg  N  of  cell  substance. 


Figure  1  -  Schema  for  fractionation  procedures  (see  methods) 


Figure  5b  ~  As  for  figure 
5a  per  ag  BNA  and  MA 


figure  6a-b  -  Slagle  organising  and  "grape"  dusters  in  2d  old  cultures 
of  protein  Worn  \ phase  contrast  800x) 


figure  7  -  Typical  floculation  in 
culture  Uid)  of  Worn 
(800x) 
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*N 


Figure  lOd  -  inspiration 
during  growth  per  ID  nl 
and  mg  protoin  N 


Figure  lOe  -  As  lOd  per 
day  ENA  and  RNA 


Figure  -  Comparison 
of  Q  Ott/protein  of  3 
organisms 


Fignra  11b  -  »g.  11a  for 
RJiA/protoin 


Figure  .lie  -  as  11a  for 
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